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Description 



[METHOD OF FABRICATING POLYSILICON 

FILM] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92120192, filed on July 24, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention relates to a method of forming a 
polysilicon film, and more particularly, to a method of 
forming a polysilicon film of thin film transistors of thin 
film transistor liquid crystal display (TFT-LCD). 

[0004] Description of the Related Art 

[0005] Generally, an active matrix liquid crystal display may be 
classified based on material used for fabricating thin film 
transistors, namely a polysilicon thin film transistor dis- 
play and an amorphous silicon thin film transistor display. 
Because the polysilicon thin film transistor can integrate 



driving circuits, it can provide a higher yield and fabrica- 
tion cost thereof is lower than the amorphous silicon thin 
film transistor. In addition, a polysilicon film can provide 
better electrical characteristics than an amorphous silicon 
layer, and can be used on a glass substrate to fabricate 
electronic devices. Another advantage of the polysilicon 
film transistor technology is its higher resolution capabil- 
ity so that the size of the devices fabricated using the 
polysilicon film transistor technology can be substantially 
reduced. General mass-produced polysilicon thin film 
transistor displays can be fabricated by utilizing low tem- 
perature fabricating technology (at a range of about 450 
°C to 550°C), for example, a low temperature thin film 
process for forming a high quality gate dielectric layer and 
ion implantation process for large size substrates. 
[0006] Because of cost concern of glass substrates, a solid phase 
crystallization (SPC) process is applied for forming a thin 
film under low temperature. However, the process tem- 
perature of about 600 °C is too high and therefore ad- 
versely affecting crystallization of the thin film. Alterna- 
tively an excimer laser is applied in an excimer laser crys- 
tallization (ELC) process or excimer laser annealing (ELA) 
process for low-temperature thin film crystallization, 



wherein the laser scans and melt an amorphous silicon 
layer in order to crystallize and transform an amorphous 
silicon into a polysilicon film. 

[0007] FIGS. 1A and IB illustrates a sectional view illustrating a 
fabrication process of forming a polysilicon film in accor- 
dance with a prior art. 

[0008] Referring to FIG. 1A, a substrate 100 is provided. An iso- 
lation layer 102 and an amorphous silicon layer 104 are 
sequentially formed on the substrate 100. A patterned 
anti-reflective layer 106 comprised of a silicon nitride 
layer is formed the amorphous silicon layer 104, and 
thereby defining a non-exposure region 130 (covered by 
the anti-reflective layer 106) and an exposure region 140 
(not covered by the anti-reflective layer 106). 

[0009] An excimer laser 108 having sufficient energy is then ap- 
plied to the structure mentioned above. Because the anti- 
reflective layer 106 has a capability of enhancing the ex- 
posing efficiency of the excimer laser 108, and therefore 
the temperature of the amorphous silicon layer 104a in 
the non-exposure region 130 is higher than that of the 
amorphous silicon layer 104b in the exposure region 140. 
Therefore, the amorphous silicon layer 104a in the non- 
exposure region 130 is completely melted and the amor- 



phous silicon layer 104b in the exposed region 140 is 
partially or incompletely melted. 

[0010] Referring to FIG. IB, the unmelted amorphous silicon layer 
104b then serves as a nucleation site/discrete seed for 
re-crystallization. Therefore, the crystallization of the 
polysilicon layer is performed from the amorphous silicon 
layer 104b laterally towards the amorphous silicon layer 
104a, i.e. the direction of arrow 110, thereby forming a 
polysilicon layer 112a and a polysilicon layer 112b. 

[0011] FIGS. 2A and 2B illustrates another fabrication process of 
forming a polysilicon film of a prior art. 

[0012] Referring to FIG. 2A, a substrate 200 is provided. An iso- 
lation layer 202 and an amorphous silicon layer 204 are 
sequentially formed on the substrate 200. A patterned sil- 
icon nitride layer 206 is formed on the amorphous silicon 
layer 204 covering a portion 240a of the amorphous sili- 
con layer 204 defining a non-exposure region 230. A 
portion 204b not covered by the amorphous silicon layer 
204 remain exposed is defined as an exposure region 
240. The silicon nitride 206 serves as a heat sink. 

[0013] An excimer laser 208 is then applied to the above struc- 
ture. Because the heat sink 206 is capable of reflecting the 
excimer laser 208, while the portion 204b of the amor- 



phous silicon layer 204 in the exposure region 240 is ex- 
posed to the excimer laser 208, and therefore the tem- 
perature of the excimer laser is absorbed by the exposed 
portion 204b of the amorphous silicon layer 204. Thus, 
the temperature of the exposed portion 204b of the 
amorphous silicon layer 204 in the exposed region 240 is 
higher than that of the portion 204a of the amorphous 
silicon layer 204 in the non-exposure region 230. There- 
fore, the portion 204b of the amorphous silicon layer 204 
in the non-exposure region 230 is substantially melted 
while the portion 204a of the amorphous silicon layer 204 
in the non-exposure region 230 is partially or incom- 
pletely melted. 

[0014] Referring to FIG. 2B, the un-melted portion of the portion 
204a of the amorphous silicon layer 204 serves as a nu- 
cleation site/discrete seed for crystallization process. 
Therefore, the polysilicon layer 212a, 212b, is formed by 
crystallization of the portion 204a of the amorphous sili- 
con layer 204 which occurs along a lateral direction start- 
ing from the portion 204a of the amorphous silicon layer 
204 towards the portion 204b of the amorphous silicon 
layer 204. That is, along the direction of arrow 210 as 
shown in FIG. 2B. 



[0015] ^ is to be understood that in both of the methods men- 
tioned above, the temperature differences between the 
portions 104a/104b, 204a/204b of the amorphous silicon 
layer 104/204 vary and are limiting factors, and accord- 
ingly, the grain size of the crystallization will be affected 

and limited therefrom. 
Summary of Invention 

[0016] Accordingly, in the light of the foregoing, one object of 
the present invention is to provide a method of forming 
polysilicon film, which method is capable of increasing the 
lateral temperature gradient between portions of the 
amorphous silicon layer in order to induce lateral crystal- 
lization of polysilicon grains. Therefore a polysilicon film 
having larger grain size can be formed. 

[0017] Another object of the invention is to provide a method of 
forming polysilicon film, which method is capable of in- 
creasing the lateral temperature gradient between pre- 
scribed regions of the amorphous silicon layer in order to 
induce crystallization of amorphous silicon layer at spe- 
cific locations to increase the silicon grain size. Therefore, 
prescribed regions having larger silicon grain size can be 
formed. 

[0018] | n accordance with the above objects and other advan- 



tages, as broadly embodied and described herein, the 
present invention provides a method of forming polysili- 
con film comprising the steps of: forming an amorphous 
silicon layer on a substrate; forming a first optical layer on 
the amorphous silicon layer, wherein the first optical layer 
is comprised of a first region with a first thickness and a 
second region with a second thickness, and a reflectivity 
of the first region is higher than a reflectivity of the sec- 
ond region; performing a laser annealing process wherein 
a temperature of the amorphous silicon layer beneath the 
first region is lower than that of the amorphous silicon 
layer beneath the second region so that the amorphous 
silicon layer beneath the first region is partially or not 
completely melted and the amorphous silicon layer be- 
neath the second region is substantially or completely 
melted; and crystallizing the melted silicon layer. Because 
of lateral temperature gradient, the melted amorphous 
silicon layer can laterally crystallize by using the partially 
or incompletely melted amorphous silicon layer as a nu- 
cleation site/discrete seed to form a polysilicon film. 
[0019] According to one aspect of the present invention, an opti- 
cal layer having differential thickness having differential 
reflectivity is formed on an amorphous silicon layer so 



that the corresponding portions of the amorphous silicon 
layer can be subjected to differential annealing tempera- 
tures to induce lateral crystallization of the amorphous 
silicon layer. 

[0020] Further, the physical profile, such as thickness, can be ac- 
cordingly tailored to provide desired degree of light re- 
flectivity to achieve desired differential temperature gradi- 
ent. Therefore, the method of the present invention is ca- 
pable of precisely controlling the differential temperature 
gradient between prescribed regions of the amorphous 
silicon layer in order to induce crystallization of amor- 
phous silicon layer at specific locations and to increase 
the silicon grain size. Therefore, a polysilicon film com- 
prising a uniform and larger silicon grains in prescribed 

regions can be formed. 
Brief Description of Drawings 

[0021] FIGS. 1A and IB illustrates a conventional fabrication pro- 
cess of forming a polysilicon film. 

[0022] FIGS. 2A and 2B illustrates another conventional fabrica- 
tion process of forming a polysilicon film. 

[0023] FIGS. 3A-3E are cross-sectional views illustrating a 

method of forming a polysilicon film according to a pre- 
ferred embodiment of the present invention. 



[0024] FIG. 4 is a graph showing relationship between thickness 
and reflectivity of silicon nitride. 

[0025] FIG. 5 is a cross sectional view of a thin film transistor and 
a temperature gradient distribution curve between the in- 
completely melted region of the amorphous silicon layer 
beneath the thicker region optical layer and the melted 
region of the amorphous silicon beneath the thinner re- 
gion of the optical layer. 

[0026] FIG. 6 is a cross sectional view of a thin film transistor 

showing a schematic configuration of channel layer of the 
thin film transistor, which is fabricated using the fabrica- 
tion method of the present invention. 

[0027] FIG. 7 is a cross sectional view showing a top gate polysil- 

icon thin film transistor formed from the polysilicon film 

of FIG. 6. 
Detailed Description 

[0028] FIGS. 3A-3E are cross-sectional views illustrating a 

method of forming a polysilicon film according to a pre- 
ferred embodiment of the present invention. 

[0029] Referring to FIG. 3A, a substrate 300 is provided. The 
substrate 300 is comprised of, for example, a silicon 
wafer, a glass substrate or a plastic substrate. An isolation 
layer 302 is formed on the substrate 300. Preferably, the 



material of the isolation layer 302 is comprised of, for ex- 
ample, silicon dioxide, and can be formed by performing, 
for example, a low pressure chemical vapor deposition 
(LPCVD) process, a plasma enhanced chemical vapor de- 
position (PECVD) process or a sputtering process. The iso- 
lation layer has a thickness of, for example, about 
500~4000A. An amorphous silicon layer 304 is then 
formed on the isolation layer 302, and the amorphous sil- 
icon layer 304 can be formed by performing, for example, 
a LPCVD, a PECVD or a sputtering process. The amor- 
phous silicon layer 304 has a thickness of, for example, 
about 200-3000A. 
[0030] Next, referring to FIG. 3B, an optical layer 306 is formed 
on the amorphous silicon layer 304, wherein the degree 
reflectivity of the optical layer 306 is a function of the 
thickness thereof. Preferably, the material of the optical 
layer 306 is comprised a high thermal conductive material 
such as a silicon nitride. Preferably, the optical layer 306 
can be formed by performing, for example, a CVD process 
using a reaction gas mixture comprising silicon silane (SiH 
) and ammonia (NH ). In addition, the optical layer 306 

4 3 

has a thickness Dl, which is, for example, from about 10 
nm to about 2 um. The thickness Dl, for example, offer 



the optical layer 306 a maximum reflectivity, and the ma- 
terial of the optical layer 306 is adapted for serving as a 
heat sink layer in the subsequent laser annealing process. 
A patterned mask layer 314 is then formed on the optical 
layer 306, wherein the material of the patterned mask 
layer 314 can be, for example, a photoresist. Preferably, 
the patterned mask layer 314 can be formed by perform- 
ing, for example, spin-coating a photoresist layer over the 
optical layer 306, exposing and then developing the pho- 
toresist layer. 

[0031] Next, referring to FIG. 3C, by using the patterned mask 

layer 314 as an mask, a portion of the optical layer 306 is 
removed until a pre-determined thickness D2 is reached, 
wherein the step of removing the portion of the optical 
layer 306 comprises performing, for example, an 
anisotropic etch process. In addition, the thickness D2 of 
the optical layer 306a can be, for example, sufficient for 
the optical layer 306a to have a minimum reflectivity, and 
the optical layer 306a is adapted for serving as an anti- 
reflective layer in the subsequent laser annealing process. 

[0032] Therefore, by removing the portion of the optical layer 
306, the heat sink layer 306b having a thickness Dl and 
the anti-reflective layer 306a having a thickness D2 are 



formed within the optical layer 306. Moreover, an amor- 
phous silicon layer 304b of a heat sink region 430 and an 
amorphous silicon layer 304a of an anti-reflective region 
440 are formed within the amorphous silicon layer 304. 

[0033] Next, referring to FIG. 3D, the patterned mask layer 314 is 
removed and then the resulting structure is subjected to a 
laser annealing process 308. Preferably, the laser anneal- 
ing process 308 comprises, for example, an excimer laser 
annealing. The amorphous silicon layer 304a underneath 
the anti-reflective region 440 is substantially or com- 
pletely melted, and the amorphous silicon layer 304b un- 
derneath the heat sink region 430 is partially melted. 

[0034] During the laser annealing process 308, the optical layer 
306a in the heat sink region 430 and the optical layer 
306b in the anti-reflective region 440 are formed with 
differential thickness on the amorphous silicon layer 304, 
and therefore a temperature difference gradient exists 
between the amorphous silicon layer 304a beneath the 
anti-reflective region 440 and the amorphous silicon layer 
304b beneath the heat sink region 430 to induce lateral 
crystallization of the amorphous silicon layer 304. It is to 
be noted that the degree of the temperature difference 
gradient can be controlled by tailoring the thickness of 



optical layers 306a and 306b to achieve desired lateral 
crystallization of the amorphous silicon layer 304 to form 
a polysilicon film. 
[0035] Finally, as shown in FIG. 3E, the amorphous silicon layer is 
transformed into a polysilicon films 312a and 312b 
through lateral crystallization of the amorphous silicon 
layers 304a and 304b, wherein the un-melted portion of 
the amorphous silicon layer 304b serves as a nucleation 
site/discrete seed. The arrow 310 represents the lateral 
direction of crystallization, wherein the amorphous silicon 
layer 304a is transformed into the polysilicion film 312a, 
and the amorphous silicon layer 304b is transformed into 
the polysilicon film 312b. The polysilicon layer 312a has 
larger silicon grain size and have better electrical proper- 
ties. Accordingly, by controlling the pattern and location 
of the optical layer 306, polysilicon films comprising sili- 
con grains with desired grain size can be formed at pre- 
scribed locations and along the prescribed crystallization 
directions. 

[0036] Referring to FIG. 4, is a schematic showing a relationship 
between thickness and reflectivity of silicon nitride. As 
shown FIG. 4, the reflectivity of silicon nitride for an ex- 
cimer laser annealing periodically varies with the thick- 



ness of silicon nitride. Therefore, as shown in FIG. 4, by 
forming a layer of silicon nitride with a prescribed thick- 
ness at which the silicon nitride layer exhibit maximum 
reflectivity, reflecting most of the excimer laser, and ab- 
sorb heat from the amorphous silicon layer formed there- 
under. Moreover, by forming a layer of silicon nitride with 
a prescribed thickness (for example, D2) at which the sili- 
con nitride layer exhibit a minimum reflectivity exposing 
the amorphous silicon layer formed thereunder to the ex- 
cimer laser. 

[0037] | n addition, although the preferred embodiment of the 

present invention utilize a silicon nitride layer as the opti- 
cal layer, however the present invention is not limited to 
silicon nitride layer. Accordingly, other material having 
similar material properties of silicon nitride mentioned 
above can also be used as the optical layer, for example, 
silicon oxide, e.g. tetraethylorthosilicate (TEOS) or the 
other material having good thermal conductive character- 
istic. 

[0038] Moreover, although not mentioned in the preferred em- 
bodiment, the present invention also includes forming an 
optional isolation layer between the substrate 300 and the 
isolation layer 302, comprised of a material different form 



that of the isolation layer 302 to serve as a protection 
layer of the substrate 300. 
[0039] Referring to FIG. 5, a temperature gradient distribution 

curve showing the relationship between the partially or in- 
completely melted portion of the amorphous silicon layer 
beneath the heat sink region and the melted portion of 
the amorphous silicon layer beneath the anti-reflective 
region. Because the amorphous silicon layer 304b beneath 
the heat sink layer 306b is only partially melted, a large 
temperature difference exists between the un-melted 
portion of the amorphous silicon layer 304b beneath the 
optical layer 306b in the heat sink region and the melted 
portion of the amorphous silicon layer 304a beneath the 
optical layer 306a in the anti-reflective region. Because of 
the larger temperature difference as shown in the temper- 
ature gradient distribution curve, silicon grains with larger 
grain size can be generated. Further, the polysilicon film 
can be formed with silicon grains having uniform grains 
size and thereby substantially improving device perfor- 
mance of thin film transistors. In addition, the tempera- 
ture gradient of the present invention is larger than that in 
the conventional method, which utilizes either an anti- 
reflective layer or a heat sink layer. Therefore, the present 



invention has the capability of enhancing the lateral crys- 
tallization of the polysilicon film generating larger silicon 
grains. 

[0040] Referring to FIG. 6, a schematic configuration of channel 
layer of a thin film transistor fabricated from using the 
method of the present invention is shown. As shown in 
FIG. 6, when an optical layer 320 having a thinner portion 
labeled as 322 at a prescribed region that correspond to 
the anti-reflective region described above sandwiched be- 
tween two thicker portions 320 on the amorphous silicon 
layer, and annealed using the excimer laser, the amor- 
phous silicon layer beneath the thicker portions of the op- 
tical layer 320 will laterally crystallize toward to the cen- 
ter, that is, along the directions shown by arrows 323. As 
a result, a polysilicon film 324 beneath the thinner portion 
322 of the optical layer is formed with larger silicon grains 
to serve as a channel layer of the thin film transistor. The 
polysilicon layers 326 beneath the heat sink layer 320, af- 
ter being doped with dopants, can serve as source/drain 
regions. In addition, by arranging the crystallization direc- 
tion parallel to the direction of current flow, the grain 
boundaries of the polysilicon layer within the electronic 
device can be in a direction parallel to the direction of 



current flow so that the defects due to erratic grain 
boundaries can be effectively reduced. 
[0041] Next, referring to FIG. 7, a cross sectional view of a top 
gate polysilicon thin film transistor of FIG. 6 is shown. As 
shown in FIG. 6, an isolation layer 328 is formed on the 
channel layer 324, i.e. polysilicon layer. Then a gate con- 
ductive layer 330 is then formed on the isolation layer 
328. After forming the gate conductive layer 330, a di- 
electric layer 332 is formed over the gate conductive layer 
330, fully covering resulting structure including the sub- 
strate 300. Finally, source/drain regions, i.e. doped 
polysilicon layer 326, and contact windows 334 are 
formed. Thus, the fabrication of a thin film transistor is 
completed. 

[0042] As described above, because the present invention pro- 
vides an optical layer having differential thickness having 
differential reflectivity formed on an amorphous silicon 
layer so that the corresponding portions of the amor- 
phous silicon layer can be subjected to differential an- 
nealing temperature to induce crystallization of the amor- 
phous silicon layer. Further, the physical profile, such as 
thickness, can be accordingly tailored to provide desired 
degree of light reflectivity to achieve desired differential 



temperature gradient. Therefore, the method of the 
present invention is capable of precisely controlling the 
differential temperature gradient between prescribed re- 
gions of the amorphous silicon layer in order to induce 
crystallization of amorphous silicon layer at specific loca- 
tions and to increase the silicon grain size. Therefore, a 
polysilicon film comprising a uniform and larger silicon 
grains in prescribed regions can be formed. Therefore the 
electrical property of the polysilicon film formed by using 
the method of the present invention can be substantially 
promoted. 

[0043] Although the present invention has been described in 
terms of exemplary embodiments, it is not limited 
thereto. Rather, the appended claims should be con- 
structed broadly to include other variants and embodi- 
ments of the invention, which may be made by those 
skilled in the field of this art without departing from the 
scope and range of equivalents of the invention. For ex- 
ample, the optical layer can also be comprised of a mult- 
ilayer structure, and unlike in the preferred embodiments 
where only one region defined with thinner optical layer 
represented by anti reflective region is shown, more than 
one antireflective regions may be utilized to practice the 



present invention. In addition, an exposure region can 
also be formed between the so called heat sink region and 
the anti-reflective region mentioned above to create three 
differential temperature regions. Accordingly, the scope of 
the present invention should not be interpreted as limiting 
the scope of the present invention. 



